Abstractthe need for fresh water in the world of industry is increasing with the rapid development of the global industry. The shipping industry is having a significant impact as part of a global industry concerning the sector of freshwater demand on ships. Freshwater supplies on ro-pax vessels are very important because they are the source of crew and passenger life when ships sail. Fulfillment of freshwater needs on a ro-pax vessel is made in a conventional system by filling clean water into a freshwater tank from the port. In this final project will be analyzed technical and economical on designing fresh water system using reverse osmosis system with solar panel as power supply and compare it with conventional system on ship MV. SABUK NUSANTARA 56. This Final Project includes installation design, size of fresh water tank, amount of cargo, investment cost and operational cost. The conclusion obtained in this final project is a reverse osmosis (RO) system with solar panels as a very efficient power supply when applied to ro-pax ships such as ships MV SABUK NUSANTARA 56 because with this system the ship is able to produce their own fresh water, the size of the freshwater tank is smaller, for new shiploads can be increased. For the percentage of total cost of fresh water needs is dearer about 52 percent compared to conventional system and payload value increased 29.2 percent compared to conventional system.
INTRODUCTION
Ut ilization 1 of technology impact strategies from the progress of global industry affect the availability of natural resources. Indonesia as a part of the world with a contribution of 3.5% of the world's population reaching 253,609,643 people with an area of 5,180,053 km 2 .This amount makes Indonesia as the fourth country with the largest population in the world according to data from the US Department of Commerce Census Bureau [1] . Approximately 1.2 billion people worldwide do not have access to adequate clean water [2] .This phenomenon also affects the shipping industry in whose operations require fresh water. Technological advances, especially in the field of shipping, encourage the development of technology that is fast-paced, easy and efficient in designing a ship or in the use of a ship.Inside a ship there are various systems such as fresh water systems where the system governs the supply of fresh water for all the freshwater needs of the vessel. The freshwater system in this ship is a very vital system,This is because fresh water is used for eating, drinking, bathing, washing the crew and passengers, cooling the engine and other needs on board [6] . In general, the supply of clean water on a Ro-Pax vessel is carried out by Edi Jadmiko, Department of Marine Engineering Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia, Email : gusjadmiko@gmail.com Tony Bambang Musriyadi, Department of Marine Engineering Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia, Email : tonybambang8@gmail.com Amiadji, Department ofMarine Engineering Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia, Email : amiadji@gmail.com Dian Nafi' Ahmad, Department ofMarine Engineering Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia, Email : diannafi.ahmad@gmail.com conventional means by filling clean water in a freshwater tank from the port as contained on the ship KM.SABUK NUSANTARA 56, but there are several vessels already equipped with a distillator used on Certain conditions.For long shipping routes requires a lot of clean water. This means that the size of the water tank becomes so large that the use of space on the ship becomes less efficient. Likewise, the cost of providing clean water also becomes larger. To save space in a vessel with a clean water tank size, clean water should not only be provided at the harbor, but clean water is also provided through seawater desalination technology to fresh water. In addition to other desalination technology distillation is Reverse Osmosis technology(RO) [7] .
These studies show that PVRO systems are technically feasible [3] . The use of solar power by using solar panels as a source of energy of Reverse Osmosis technology is also an energy-saving strategy that is environmentally friendly and has an impact on the cost efficiency of water supply. This system is widely used in power generation industries such as steam power plants and is still rarely used in ships. With the change of design of fresh water system installation by using conventional system to design of fresh water system by addition of Reverse Osmosis (RO) system using solar power as power supply, it will also effect on the change of piping system and electricity. Changes to the changes will be reviewed further technically and economically [4] .
II. METHODS A. Research Methodology
The methodology of the final task is a systematic sequence of stages of final project work done since the beginning of the work up to the end. The writing of this final project is research so that real data is needed to support the research implementation. The
International Journal of Marine Engineering Innovation and Research, Vol. 1 (4) , Sept. 2017 . 330-345 (pISSN: 2541 -5972, eISSN:2548 -1479 331 methodology used by the authors in conducting this research generally begins with the identification of the problem, the determination of the ship to be used as the object of research, literature study, data collection, design of freshwater system design with reverse osmosis solar panel system design planning, technical and economic analysis, With conventional systems, evaluation, analysis of discussion, and concluding conclusions and suggestions.
B. Problem Identification and Formulation It is an early stage in conducting research so it is known what problem will be lifted. In writing this final assignment problem taken is fresh water system at research object that ship KM.SABUK NUSANTARA 56 which use reverse osmosis system then in power supply with solar panel with fokusan problem at efisensi and cost incurred to fulfill ship operational requirement.
C.Study of literature At this stage is done learning of the theories that support the research and will be discussed in the writing of the final task. The theory is related to freshwater systems in ships, sea water systems, reverse osmosis, photovaltaic systems on ships. Resources used as a reference can come from books, journals, papers and the Internet.
D. Data collection Data collection aims to obtain information related issues that will be discussed in the writing of this thesis so that field study is needed in the collection of data. The types of data to be collected at this stage include :
 Data GA MV. SABUK NUSANTARA 56  Data layout fresh water system  Dataspecification equipment fresh water system E. Technical Analysis At this stage will be discussed about technical analysis of freshwater systems using solar panels as a power supply reverse osmosis system and its operations, while to be analyzed is : To know the advantages and disadvantages of using solar panels as a reverse osmosis system power supply in freshwater systems MV.SABUK NUSANTARA 56.
H. Conclusions and Recommendations After the process of analysis and discussion, then draw conclusions from the results of research. Conclusions based on the results of data analysis and discussion that has been done. Next is to provide suggestions provided as input and consideration material related parties to conduct further analysis.
III.
RESULT AND DISCUSSION A. Data Planning In this final project discuss about system of fulfillment of freshwater requirement of ship by comparing two system that is using reverse osmosis system with conventional system of supply from port. In comparing the two systems using the object of research ship KM. SABUK In figure 1 layout design of freshwater ship system MV.SABUK NUSANTARA 56 where in the picture seen flow of distribution of fresh water in supply from the port which will be distributed in places that need through hydropore.
E. Design of Fresh Water System With Reverse Osmosis SystemMV. SABUK NUSANTARA 56 Freshwater system with Reverse Osmosis system is a fresh water system that has been equipped with a desalination system to convert salt water into fresh water. On the ship MV.SABUK NUSANTARA 56 the planned desalination system is using Reverse Osmosis technology. The workings of this system is to move water through one stage to the next stage ie the more dilute to the more concentrated. This system is capable of filtering 99% of bacteria and particles with a diameter of 0.0001 μm, resulting in good fresh water worth consumption.
To design a Reverse Osmosis system required three stages, among others, as follows:  Raw water quality analysis.  Selection of component specifications used.
The selection of equipment specifications is based on raw water quality and required capacity.  Reverse Osmosis system design and plan.
The design or plan of the water treatment unit is presented into the design drawing to facilitate the workmanship [8] . F.Raw Water Quality Analysis
The raw water quality index is based on sea water content parameters, from laboratory data of sanitation techniques, the following data are generated :  TDS 35.000 ppm at temperature 25 ºC  TDS 42.000 ppm at temperature 30 ºC  NaCl of 20 gr/l  Salt density 1,5 gr/l The data as a reference in determining the required osmotic pressure. Calculation of osmotic pressure as follows :
Volume of NaCl The above calculation shows the magnitude of osmotic pressure for salt water (raw water) containing 20 g of NaCl is 113,95 Psi, so that required pressure greater than 113,95 Psi to be able to filter salt molecule by membrane.
G.Selection of Component SpecificationsRO
The components of Reverse Osmosis system that will be used on board KM.SABUK NUSANTARA 56 consists of 3 main components, among others:  Early level processing unit  Reverse Osmosis unit  Power supply unit Initial processing units are used to treat seawater before being processed in a Reverse Osmosis unit. Sept. 2017 . 330-345 (pISSN: 2541 -5972, eISSN:2548 -1479 333 Seawater close to the coast still contains suspended solid particles, plankton minerals and others, then the raw water needs to be done preliminary processing. The preliminary processing unit that will be used on the ship Reverse Osmosis system MV.SABUK NUSANTARA 56 consists of several main equipment among others :
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1. Clarifier Pumps Clarifier pumps are used to pump seawater into raw water tanks. This pump is planned to use seawater pump which already exist in ship MV.SABUK NUNTARA 56. Specification of pump clarifier are:
Pump 
Prefilter
The 5 micron filter is used as a filter to remove almost any small particles suspended from raw water. It is recommended that the filter cartridge be replaced regularly, depending on the quality of the raw water. The prefilter specification is a package with a Reverse Osmosis unit.
7. Active Carbon Filter All Eliminator models are equipped with automatic backwash activated carbon filter (ACF) designed to remove oxidizers such as chlorine or chloramines, manganese and other organic impurities from raw water. Active carbon filter specification is a package with Reverse Osmosis unit.
High Pressure Booster Pump
This pump serves to pump raw water from the raw water tank to the Reverse Osmosis unit. This pump is a high pressure pump so it can push raw water through a reverse osmosis membrane that has a very small porosity. From the calculation of raw water quality analysis, the osmosis pressure for salt water (raw water) containing 20 g of NaCl is 113,95 Psi (7.97 bar), so that pressure is greater than 113,95 Psi (7.97 bar ) To be able to filter salt molecules by the membrane. : 363 kg To accommodate the processed water from the RO unit before being distributed through the charging faucet. The tank of the product to be used is fresh water tank located on the right side (starboard) and left (portside) main deck ship. Both these tanks are a freshwater tank on a conventional system that has been scaled down. To maintain the stability of the ship, both tanks are designed with the same size and volume. Calculation of water tank product size as follows:
The need for fresh water during sailing = 140,000 liters Vessel operating time = 9 days Volume water tank product = Water volume Required in one day of voyage Determination of the location of this product tank based on the location of conventional water tank general arrangement MV.SABUK NUSANTARA 56 which is in frame 22 -41 is planned to frame 39 -41, for the remaining space used as a void tank. 
Figure. 3. Location of Water Tank Products
International Journal of Marine Engineering Innovation and Research, Vol. 1 (4) , Sept. 2017 . 330-345 (pISSN: 2541 -5972, eISSN:2548 -1479 335 The figure of the product water tank after being processed through the reverse osmosis system is seen from side view, front and top.
To pump processed water in the process of filling into places that require menggugunakan fresh water pump (fresh water pump) that already exist in the ship The schematic drawing shows the plot of reverse osmosis system planning for in-product water products that are ready to be distributed to places that require it. . 1(4), Sept. 2017. 330-345  (pISSN: 2541-5972, eISSN:2548-1479) 336 Raw water from sea water is pumped by using a clarifier/sea water pump pump to a raw water storage tank/S.W pressure tank (R2). From the raw water container tank, the raw water is pumped into the reactor tank (T2) while injected with potassium permanganate (KMn04) solution provided on KMn04 tank (T1) by using dosing pumps, so that the iron or manganese dissolved in raw water can be oxidized into A form of an iron or Manganese oxide compound that is insoluble in water. In addition, the application of potassium permanganate is an oxidizing agent which can also serve to kill microorganisms that can cause biofouling in the Reverse Osmosis membrane. From the reactor tank, the oxidized water and also the suspended solids (SS) in the form of fine particles, plankton and other oxidation products including iron and manganese are filtered by sand filter (F1). The water coming out of the sand filter is then fed to the Manganese Zeolite filter (manganese greensand filter) (F2). In the presence of these Zeolite Manganese filters, unreacted iron or manganese in the reactor tank may be removed until the concentration <0.1 mg / l. These iron and manganese must be removed first because they can cause scale in the membrane RO. From the Zeolite Manganese filter, water is passed to an activated carbon filter (F3) to remove odor or color and micro-pollutants. This filter has a function to remove color compounds in raw water which can accelerate the blockage of the adsorption oxygen membrane. After passing through the color-busting filter, water is passed to a cartridge filter (F4) which can filter particles of dirt to a size of 0.5 microns.From the cartridge filter, then water is flowed to the RO membrane unit (R3) by using a high pressure pump while injected with anti-crust (Anti-scalant) (T4) and anti-biofouling agent (T5). In this membrane RO unit occurs the process of filtering microorganisms, heavy metals, bacteria, viruses, inorganic materials and other hazardous materials dissolved in water. Thus only water molecules can penetrate the membrane so as to produce very pure water. Water coming out of the reverse Osmosis module is freshwater and concentrated salt water.
Furthermore, fresh water product is supplied by water tank product (Aft. Fresh watertank) which is located on the right side (starboard) and left side (portside) main deck ship.Sedangkan airbuangan or reject brine thrown mealui sistembilga.Dari water tank container water product tawardialirkan FW pressure tank / hydrophored by using FW pump. From FW pressuretank fresh water then distributed to each deck to meet all the freshwater needs on the vessel.
H. Selection of Power Supply Unit Specification Power supply unit to run all Reverse Osmosis units that will be used on board MV.SABUK NUSANTARA consists of 2 kinds of components that are mutually sustainable, among others:
The number of batteries is greatly influenced by the power consumption required by the reverse osmosis unit to convert sea water into fresh water every day. This is related to the size of the desired device capacity and battery operational time. The details of power consumption required reverse osmosis system can be viewed from table 1 as follows: Clarifier pumps and water pump products using sea water and fresh water pumps on MV.SABUK NUSANTARA 56 ships that supply power from main ship generator. The battery functions as a storage of electrical energy generated from solar panels as a power supply in the reverse osmosis system. The battery selection is based on the required total power requirements per day (Wh), battery voltage (V), and Deep of Discharge (DOD) battery 80%. Determination of battery capacity to determine the specification first calculate the total AH as follows:
Battery capacity = AH total = P total equipment / V battery=(23300)/12Volt= 1942 AH Selected voltage 12 Volt because the total energy used per day is large enough, then used voltage 12 Vol for the smaller current and losses can be minimized. Battery used is a battery in, so have DOD of 80% or 0.8 so the capacity of the battery used for: CB = AHxd / DOD = 1942 x 1 / 0.8= 2427. 5 The battery is only used 50% to meet the needs of electricity because the battery is often used more than 40% -50% will reduce lifetime. So used the size of 500 AH 12 V for 10 units. Vol. 1(4), Sept. 2017. 330-345  (pISSN: 2541-5972, eISSN:2548-1479 : 75 kg The battery required a total of 10 units of batteries with a parallel arrangement. The battery is placed on the inner bottom close to the reverse osmosis unit for easy installation and maintenance.
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By designing the load to be used, we can determine the specifications of the solar panels used. The capacity of solar panels can be determined using the following equation:
Panel Capacity = (Total Energy / Solar Insulation) x Energy Band Gap = (23300/10) x 1.1 = 2563 Taking into account system losses of 15%, the large capacity of solar panels required with consideration of system losses are as follows:
Capacity of solar panel = P solar panel + (15% : 11 Units Solar panels are placed on top decks on frames 37 to 43 with 360º angles facing the sky. On the shipping in Indonesia the average effectiveness of sunlight time is 10 hours ie at 07.00 to 17.00. This is the reference of the Reverse Osmosis system, which is 10 hours per day, then the 23300 watt power required per day will be supplied with solar panels of 11 units with each unit producing 2750 watts every 10 hours. Solar Charge Control controls overcharging due to the voltage of the solar panel The excess voltage and charging will reduce battery life The determination of solar charge control can be done by calculating the capacity of solar charge control in advance with the following formula [5] Vol. 1(4), Sept. 2017. 330-345  (pISSN: 2541-5972, eISSN:2548-1479) 338

Figure. 6. Power Supply System Layout
The reverse osmosis power supply unit consists of solar panels as the earliest component in generating electricity from the heat of sunlight. The solar panel is placed on the top deck of frame 37 up to frame 43 by facing vertically to the sky with a 360 degree angle. Solar Charge Control regulates electricity from solar panels so they are not overcharged. Batteries as electrical storage components of solar panels that later become the power supply of reverse osmosis system. Inverter is needed to convert electric current direction (DC) from battery into electric current back and forth (AC) that is adjusted to need reverse osmosis system. MCB functioned as a safety of power supply unit. Components of these components, Solar Charge Control, batteries, inverters and mcb are placed in Battery RO Room in navigation decks on frames 49 to 53.
I. Technical Analysis of Reverse Osmosis System Changes in freshwater systems KM.SABUK NUSANTARA 56 from conventional systems into systems using reverse osmosis and solar panels have some technical consequences that are an integral part of the research. Some of the consequences include aspects of components, installation, location and operasinal.
Complex Installation System
In practice, freshwater processing with reverse osmosis system consists of two parts: the preliminary processing unit and the reverse osmosis unit. To support the operation of this system also requires many additional components such as chemical fluid tanks, filters, power supply controls, cables so that the piping installation system and electricity become more complex and long. The preliminary processing unit consists of several main equipment ie raw water pump, reactor tank, sand filter, zeolite manganese filter and color removal filter and 0.5 μm catridge filter and dosing pump for anti scalant and anti biofouling. While the reverse osmosis unit consists of a high pressure pump and a semipermeable membrane. The reverse osmosis system power supply consists of starting solar panels, solar charge control, batteries, inverters and mcb as electrical conductor.
2. Minimize the size of fresh water tanks From the data in the volume of freshwater tank system conventional MV.SABUK NUSANTARA 56 is 140 m 3 . The tank is divided into two sections located on the right side (starboard) and the left side (portside) bottom deck of each ship sounds 70 m 3 volume. The location of the tank is at frame 22 to frame 41.
Size of freshwater tank with reverse osmosis system obtained from the data as follows:
• Need for fresh water during sailing 140,000 liters.
• Ship operating time = 9 days Volume (water tank product) = Volume of water required in one day of voyage. The volume of water during sailing is divided by ship's operating time. 140,000 liters divided by 9 days equals 15,556 liters (15.56 m 3 ). The location of a freshwater tank with a reverse osmosis system is the same as that of a conventional freshwater tank with reduced volume where the tank is located in frames 22 to 41 frames to only frame 39 to frame 41 with 600 mm spacing frame length.
From the calculations it can be compared that the size of freshwater tanks from conventional systems with reverse osmosis system retransmission has a tank size eight times smaller than conventional system tank sizes.
3. New Shipbuilding Enlarge Payload Before calculating the amount of payload the value of DWT, LWT and displacement must be known. The relationship between DWT, LWT and displacement is seen in the following formulation: DWT = Δ -LWT or Δ = DWT + LWT Where: DWT = Dead weight of ship Δ = Displacement ship Vol. 1(4), Sept. 2017. 330-345  (pISSN: 2541-5972, eISSN:2548-1479 
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+ 750 Ton The payload of ships in a conventional fresh water system is 420 tons. Freshwater weight on a conventional system of 140 tons. Freshwater weight in freshwater systems with reverse osmosis of 15.56 tons.
From these calculations it can be compared that the fresh water weight of freshwater systems with the addition of reverse osmosis is eight times lighter than that of conventional fresh water systems. Here the weight of reverse osmosis system components : Payload 2 = 543 tons From the calculation can be seen that on the construction of new vessels payload value of the ship if the fresh water system is given the addition of reverse osmosis system is greater than the value of payload on the system in the freshwater system Conventional. The difference of the payload value is + 123 tons. 4. Power Consumption Self The need for electric power to operate the ship's reverse osmosis system does not require the power consumption of the ship generator because the required power is supplied from solar panels and batteries. So as not to increase the load power and fuel generator ship.
Quality of Processed Water Consumption
The reverse osmosis semipermeble membrane is capable of filtering out to 99% inorganic minerals that are still dissolved in water that already looks clear. Although the reverse osmosis membrane has the ability to filter organic substances contained in raw water but not all organic substances are filtered by the membrane and the quality of the processed water still meets the standards of clean water so it has a very good quality and can be directly drunk without cooking .
The quality of salted / brackish processed products using reverse osmosis system will be shown in the following table 3. The cost of these costs will be grouped into Some components. Where all these costs will be grouped into two, namely the cost of capital (capital cost) and the cost of the total amount of operation (annual cost).
Economical Analysis of Conventional FW System
The components to analyze economically the conventional fresh water system include the cost of capital, operating costs, operating time and freshwater prices. Calculation of components as follows :
Capital cost • Age of project 20 Years • Unexpected probability costs 10%
• Engineering Cost 8%
• Interest of 10% The capital cost of a conventional freshwater system is considered zero because in this system it has not been given the addition of reverse osmosis components for the process of desalination of sea water into fresh water.
Operating costs • Need for fresh water during sailing 140,000 liters.
• 9 days of shipping time.
• Docking (annual survey) 1 year interval. Average time of one time docking 2 weeks (14 days). Assumed the ship stopped working (idle) 3 months per year. Ship operating time = 365 -docking time -idle = 365 -14 -90 = 261 days.
So the number of cruise ship (Trip) in a year = 261/9 = 29 times.
• The price of fresh water is Rp 12,000 per cubic meter.
• Age of project 20 years.
• Assume fresh water prices to rise 5% annually Example : Period = n Operational cost = P The price of fresh water = Q Freshwater needs = x Operational costs for conventional freshwater systems are similar to those of fresh water during sail x freshwater prices. Operational costs for conventional fresh water systems always increase every year. This is because the price of fresh water also rises. This fresh water price increase is assumed to be 5% annually. From these data shows the operational cost of conventional fresh water system for 20 years is Rp. 1.610.947.100.
The total cost of freshwater needs for 20 years equals the cost of capital + operating costs for 20 years. The total cost to meet the freshwater needs during the project life (20 years) is equal to the operational cost of the vessel because in the conventional system the capital cost is zero. Thus, the total cost of the conventional fresh water system MV.SABUK NUSANTARA 56 over the life of the project (20 years) is Rp. 1.610.947.100.
K. Economical Analysis of FW system with RO The components for economically analyzing freshwater systems with the addition of reverse osmosis systems include cost of capital, operational cost, operating time and load value. Calculation of components as follows: Vol. 1(4), Sept. 2017. 330-345  (pISSN: 2541-5972, eISSN:2548-1479) 342 Operational costs in freshwater systems with the addition of reverse osmosis systems with power supplies from solar panels and batteries need not cost to buy fresh water from the port because with the addition of reverse osmosis systems, freshwater systems on board are able to produce their own freshwater by desalination process . So the cost for fresh water needs is considered zero.
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Operational costs in the use of the reverse osmosis system include the replacement of spare parts which includes cartridge filters, filter media and also the replacement of osmotic membrane elements in the reverse osmosis unit. To operate this unit also does not require fuel and lubricants due to the power supply needed in the supply by the panel Solar and batteries. Thus, the operational costs for the operation of the reverse osmosis system on the MV.SABUK NUSANTARA 56 ships only include the replacement of spart parts, the addition of reverse osmosis chemicals and the replacement of the batteries. Here are the details of the cost of replacement of spare parts, the addition of reverse osmosis chemicals and battery replacement. 
